Ab-inito study on different phases of ferromagnetic CeMnNi4 by Murugan, P. et al.
ar
X
iv
:c
on
d-
m
at
/0
51
07
48
v1
  [
co
nd
-m
at.
mt
rl-
sc
i] 
 27
 O
ct 
20
05
Ab-inito study on different phases of ferromagnetic CeMnNi4
P. Murugan,1 Abhishek Kumar Singh,1 G. P. Das,2 and Yoshiyuki Kawazoe1
1Institute for Materials Research, Tohoku University, Aoba-ku, Sendai 980-8577, Japan
2Indian Association for Cultivation of Science, Jadavpur, Kolkata 700032, India
(Dated: November 19, 2018)
Using first-principles density functional calculations, we study the possible phases of CeMnNi4
and show that the ground state is ferromagnetic. We observed the hexagonal phase to be lowest
in energy whereas experimentally observed cubic phase lies slightly higher in energy. We optimized
the structure in both phases and in all different magnetic states to explore the possibility of the
structural and magnetic phase transitions at ground state. We do not find any phase transitions
between the magnetic and non-magnetic phases. The calculated structural, magnetic properties of
cubic phase are in excellent agreement with experiments. Further, we do not observe half metallic
behavior in any of the phases. However, the cubic phase does have fewer density of states for down-
spin component giving a possibility of forming half metallic phase artificially, introducing vacancies,
and disorder in lattice.
PACS numbers:
The intermetallic compound, CeNi5 crystalizes in
hexagonal structure (space group 191). It is a Stoner
enhanced paramagnet, which is characterized by the in-
fluence of spin fluctuations on the transport properties
[1]. Replacements of Ni atoms partially by transition
metal elements, like Fe, Mn, Cu in CeNi5 expands the
lattice and produces the significant changes in the mag-
netic properties [2, 3]. Even, by substituting with a non-
transition metal elements, like Ga in CeNi5 can change
the magnetic properties [4]. Recently, Singh et al [5] ob-
served that cubic CeMnNi4 (with lattice parameter of
6.987 A˚, space group 216) is ferromagnetic with a large
magnetic moments of 4.95 µB/Mn atom, which is close to
integer moment. Also, this system is found to have a high
degree of spin polarization. This makes it potentially im-
portant material for spintronics applications, as conduc-
tion of electrons in such materials can be manipulated
by the application of applied magnetic field. The origin
of such large spin polarization in cubic CeMnNi4 has not
been understood clearly. However, it is possible to un-
derstand it by first principles calculations. Moreover, the
structural phase transition from hexagonal to cubic was
observed in CeMnxNi5−x at higher concentration of Mn
in range of x = 0.9 - 2.1 [6]. This indicates the possibility
of manifestation of hexagonal structure at x = 1. Hence,
we embarked upon detailed first principles investigation
of structural and magnetic properties for the hexagonal
as well as the cubic phase of CeMnNi4. In order to un-
derstand the magnetic phase transitions, we carried out
calculations on various possible magnetic configurations,
viz. ferro-, ferri-, anti-ferro-, as well as non-magnetic
phase. Our calculations show that the hexagonal phase
is lower in energy compared to cubic phase, while the
magnetic and structural properties of cubic phase have
excellent matching with the experiment [5].
We have used ab initio projected augmented wave
method [8] and a plane wave basis set within the spin-
polarized density functional theory and the generalized
gradient approximation (GGA) [9] for the exchange-
correlation energy. The pseudopotentials are taken as
implemented in the Vienna Ab Initio Simulation Pack-
age (VASP) [7] . For the f -band Ce, the semi-core s and
p electrons are also taken as valence. For Mn and Ni,
the semi-core 3d and 4s are considered as valence elec-
trons. For representing the Brillouin zone, we use mesh
of 8x8x8 Monkhorst-Pack k-point for cubic and 8x8x4
including gamma point for hexagonal phase. Results on
convergence test of these phases with respect to k-point
sampling shows them to be sufficient within an accuracy
of 0.001 eV. The conjugate gradient technique is used
to optimize the structures without any symmetry con-
straints. The structures are considered to be converged
when the force on each ion becomes 0.001 eV/A˚ or less.
This high accuracy is also necessary to differentiate be-
tween closely lying magnetic phases. Various magnetic
phases have been acheived by varying the initial mag-
netic moments of Mn atoms. We find that the direction
of moment in Mn atoms is preserved after relaxations.
The details of the structural parameter, magnetic mo-
ments at equilibrium volume, are given in Table 1. For
hexagonal phase we have considered a supercell of 1x1x2
dimensions, having two Mn atom per super-cell this also
allows us to perform anti-ferromagnetic calculations. The
ionic positions and unit-cell parameters have been re-
laxed completely. This include optimization of a as well
as c/a ratio in hexagonal phase. The optimized struc-
ture remains the same with a = 4.93 A˚ and c/a ra-
tio =0.835.The ground state structure is ferromagnetic
as shown in the table. The anti-ferromagnetic phase
lies 14 meV/formula unit higher in energy whereas non-
magnetic phase lies at 0.70 eV/formula unit, clearly
showing preference for magnetic phases in CeMnNi4.
However, we can not expect a higher Tc value.
Cubic phase has an optimized unit-cell of a= 6.99 A˚
and is ferromagnetic, like the hexagonal phase, with a
magnetic moment of 4.85 µB/Mn. These are in good
2TABLE I: The structural and magnetic properties of cubic
and hexagonal phases of CeMnNi4.
CeMnNi4 cubic hexagonal
space group F43m P6/mmm
lattice parameter a=6.99 A˚ a=4.93 A˚
c/a = 0.835
Total moment (µB/Mn) 4.85 3.70
I (eV/formula unit) 1.67 0.7
J (meV/formula unit) 47 14
agreement with experimental value. Unlike hexagonal
phase, the anti-ferromagnetic phase lies 47 meV/formula
unit higher in energy. This value could be translated into
Tc of 148 K which is very close to reported experimental
value [5]. The ferri-magnetic phase with moment of 2.49
µB/Mn lies at 34 meV/formula unit, whereas the non
magnetic phase lies 1.67 eV/formula unit higher in en-
ergy. The Stoner parameter (I) defined as energy differ-
ence between non-magnetic and ferro-magnetic phases,
for cubic is much higher than the hexagonal phase (Ta-
ble 1). Similar trend has been observed for J-exchange
parameter defined as energy difference between ferromag-
netic and anti-ferromagnetic phase. These results clearly
show that the higher magnetic state is well stabilized in
cubic phase.
Figure 2 shows the energy/formula unit vs lattice pa-
rameter for cubic and hexagonal phases. For cubic phase
the minima for non-magnetic case lies at different unit
cell parameter than the other magnetic states. This
shows that at high pressure and / or temperature the
magnetic moment of ferromagnetic phase can be com-
pletely quenched to a non-magnetic state. However, for
the hexagonal phase, we do not observe such phase tran-
sition.
Figure 3 shows the total and partial density of states
of cubic and hexagonal phases. Both phases are metallic
with finite number of states at fermi level. The origin
of metallicity in both cases are different. In the case
of cubic phase the metallicity is due to finite number of
states coming from the Ni atoms only. However, in the
case of hexagonal phase Mn as well as Ni atoms are con-
tributing for the metallicity. Ce f -orbital are unoccupied
(≈1eV above the Fermi level) in both cases, and hence
is not expected to affect the results of our LDA calcula-
tions. In cubic phase the up-spin states are completely
occupied whereas down spin states is occupied with the
fewer number of states. This also explain the observed
polarization in Andreev reflection experiment [5]. The
oxidation state of Mn in both cubic and hexagonal phase
is most likely +2. The local moments on Ce, Mn and Ni
for cubic (hexagonal) phase are -0.23 (-0.44), 3.96 (3.04),
and 0.28 (0.26) µB , respectively. It shows that the net
moment on these systems mainly originates from the Mn
atoms, as expected. In the cubic phase there is possi-
bility to convert it into half metallic phase by artificially
introducing the defects or changing the concentrations of
Mn. In that case there is possibility of cubic phase to lie
lower in energy compare to hexagonal phase. There is fi-
nite possibility of 100 percent spin polarization if the spin
conducts through Ce-Mn channel due to the presence of
half metallicity. Moreover the bond distance between Ce-
Mn (3.03 A˚) is quite comparable to Ce-Ni (2.90 A˚) so the
chances are more here for this channel to conduct. A de-
tail study on possible ways to convert it into a complete
half metallic phase via artificial means are currently go-
ing on and details would be published elsewhere.
We have also performed the magnetic phase transition
study on cubic phase by changing the pressure via the
lattice parameter (Fig. 4). We find that there is no
phase transitions between any magnetic or non-magnetic
phases. However, the stoner exchange parameter in-
creases with increasing the lattice parameter (Fig. 4). In
the other case the J-exchange parameter decreases with
the increasing lattice parameter due to the larger dis-
tance between Mn and other atoms, which reduces the
hybridization [10].
Further, we calculate the energy band structure of both
phases. In the case of cubic phase there are very few
states (Fig. 5), which are crossing the fermi level corre-
sponding to up-spin component. As discussed above by
introducing some other artificial effects these states could
be shifted up (valence band states) and down (conduction
band states) to transform this system to a half metallic
state. However, in the case of hexagonal phase the situ-
ation near the fermi energy is more complicated as there
are too many states crossing the fermi energy. So it may
be difficult to transform this hexagonal phase into half
metallic state even though this phase is energetically fa-
vorable. Transforming the phase to cubic would be one
of the ways to do so as also the phase transition from
hexagonal to cubic phase is observed in CeMnxNi5−x in
range of x =0.9 to 2.9.
In summary, we study the CeMnNi4 in both hexag-
onal and cubic phases considering various possible mag-
netic states. Our results are in very good agreement with
the recent transport spectroscopy experiments. We find
ferromagnetic phase to be lowest in energy for both the
phases. The hexagonal phase lies lower in energy com-
pare to cubic phase by 0.24 eV/formula unit. Both of
the phases are metallic, though the density of states and
band structure shows a higher degree of spin polarization
in cubic phase. There is a finite possibility of transform-
ing it to half metallic phase by artificial means. This
could be a promising material for future spintronics ap-
plications.
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FIG. 1: a) Cubic and b) hexagonal structure of CeMnNi4.
Yellow, red, and blue balls represent Ce, Mn, and Ni, respec-
tively.
FIG. 2: Plots of total energy/formula unit of CeMnNi4 vs
normalized lattice parameter in different structural and mag-
netic phases. The triangle, circle, rhombus and cross corre-
sponds to non-magnetic, ferro, ferri, and anti-ferromagnetic
phases, respectively.
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FIG. 3: Total and partial density of states of a) cubic, and
b) hexagonal phases are shown. The fermi level are shown
by vertical line.The up- and down-spin states are shown by
arrow.
FIG. 4: Plot of Stoner and J-exchange parameters vs nor-
malized lattice parameter for cubic CeMnNi4.
FIG. 5: Band structures of a)cubic and b) hexagonal phases
of CeMnNi4 for ferromagnetic case. The up- and down-spin
states are shown by arrow.
